Study of Underground Radon Using Plastic Track Detectors by Khan, Mohd. Shakir
STUDY OF UNDERGROUND RADON USING 
PLASTIC TRACK DETECTORS 
DISSERTATION 
SUBMITTED IN PARTIAL FULFILMENT OF THE 
REQUIREMENTS FOR THE AWARD OF THE DEGREE OF 
iWasfter of ^})ilo^opt)j> 
!lpplieb ^tipsftcs: 
BY 
MOHD. SHAKIR KHAN 
UNDER THE SUPERVISION OF 
DR. AMEER AZAM 
(Reader) 
DEPARTMENT OF APPLIED PHYSICS 
Z.H. COLLEGE OF ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2007 
^] \ . ( ^ A 
g \ ^ ^ T- ^ \ 3. • 
DS4149 
Aif 
DEPARTMENT OF APPLIED PHYSICS 
Z. H. COLLEGE OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH-202002 (U.P.), INDIA 
l^Q Date. August 08,. 2007 
CERTIFICATE 
Certified that the results reported in this thesis are from the 
original work carried out by Mr. Mohd. Shakir Khan under my 
supervision. 
(Dr. Ameer Azam) 
Supervisor 
.3S ; 3035 (Office), 3036 (Chairman) e-mail : chairman-apc!@yahoo co uk 
,(jh Uiiiv, Exchnngo ; 2703167 to 2703176 Tixtr 303!"),;!03n. Tax 91 (0;)71) ?7()0A:' 

ACKNOWLEDGEMENT 
I feel great pleasure to express my deep sense of gratitude and indebtedness to my 
supervisor, Dr. Ameer Azam, Reader, Department of Applied Physics, Z. H. 
College of Engineering & Technology, Aligarh Muslim University, Aligarh (U.P), 
India, who has been a constant source of encouragement and guidance throughout 
the course of this work. His valuable suggestions and advice have been very 
fruitful. 
I am grateful to Prof Alimuddin, Chairman, Department of Applied 
Physics, Z. H. College of Engineering & Technology for providing me all the 
necessary facilities for the completion of this work in the Department and 
inspiration given to me from time to time. 
I am highly indebted to Prof A. H. Naqvi for his useful suggestions and 
advise during the course of present work. 
I am extremely grateful to Dr. Mohd. Chaman, Dr. Sikandar Ali, Dr. Rajesh 
Kumar and my colleague Mr Ajay Kumar Mahur and all friends for their sincere 
co-operation and help received from time to time during the course of this work. 
I am extremely grateful to Mr Nisar Ahmed, Department of Applied 
Chemistry, Z. H. College of Engineering & Technology. I am highly indebted to 
Dr. Ali Mohammad, Chairman, Department of Applied Chemistry, Z. H. College 
of Engineering & Technology for his useful suggestions and advice. 
I will be failing in my sincerity if I do not thank and acknowledge the 
residents, who permitted me to mount the detectors in their dwellings. 
Finally, I must thank my parents and all my family members for their 
patience and emotional support. 
(Mohd Shakir Khan) 
CONTENTS 
CHAPTER-1: RADON AND ITS CLASSIFICATION 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
TOPICS 
1.1: INTRODUCTION 
1.2: SOURCFS OF RADON 
1.3: USES OF RADON 
1.3.1: EARTHQUAKE PRIDICTION 
1.4: SOIL GAS RADON 
1.5: RADON TRANSPORT 
1.6: RADON DIFFUSION 
1.7: URANIUM, RADIUM AND RADON IN ROCK AND SOIL 
1.8: FORMATION AND EMANATION OF RADON 
1.9: RADON CONCENTRATION AT DIFFERENT DEPTHS 
1.10: RADON EMANATION FROM FRACTURE AND FAULT 
ZONES IN THE BEDROCK 
1.11: SIGNIFICANCE OF RADON STUDY 
REFERENCES 
PAGE No. 
1 
2 
2 
2 
4 
6 
7 
8 
9 
14 
17 
18 
20 
CHAPTER-2: TRACK ETCH TECHNIQUE OR SSNTD TECHNIQUE FOR 
RADON MEASURMENTS 
S.No. 
1 
2 
TOPICS 
2.1: INTRODUCTION 
2.2: RADON MEASURMENT TECHNIQUES 
PAGE No. 
24 
24 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
2.2.1: SCINTILLATION 
2.2.2: ELECTRET DETECTORS 
2.2.3: ADSORPTION TECHNIQUE 
2.2.4: THERMO LUMINESCENCE DETECTORS 
2.2.5: GRAB SAMPLING 
2.2.6: PULSE IONIZATION CHAMBER 
2.2.7: ALPHA GUARD 
2.2.8: TIMCK ETCH TECHNIQUE 
2.3: ADVANTAGES OF SSNTDs 
REFERENCES 
25 
26 
27 
28 
28 
29 
29 
30 
33 
35 
CHAPTER-3: THE MEASUREMENT OF RADIUM ('^Ra) CONTENT AND 
RADON (^ ^^ Rn) EXHALATION RATES IN SOIL. 
S. No. 
1 
2 
3 
4 
5 
TOPICS 
3.1: INTRODUCTION 
3.2: MEASURMENT OF EFFECTIVE RADIUM CONTENT OF 
SAND SAMPLES, USING TRACK ETCH TECHNIQUE 
COLLECTED FROM CHHATRAPUR BEACH ORISSA, INDIA 
3.3: EXPERIMENTAL AND THEORETICAL DETAILS 
3.4: RESULTS AND DISCUSSION 
3.5: MEASURMENT OF RADIUM CONTENT AND RADON 
EXHALATION RATES IN SOIL USING TRACK ETCH 
PAGE No. 
37 
37 
38 
40 
44 
6 ~ ^ 
TECHNIQUE 
REFERENCES 46 
/222i CHAPTER-4: THE RADON ('"Rn) AND ITS PROGENY MEASURMENTS IN 
DWELLINGS AND UNDERGROUND. 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
TOPICS 
4.1: INTRODUCTION 
4.2: STUDY OF INDOOR RADON AND ITS PROGENY 
LEVELS IN RURAL AREAS OF NORTH INDIA USING LR-
US PLASTIC TRACK DETECTORS 
4.3: EXPERIMENTAL DETAILS 
4.4: RESULTS AND DISCUSSION 
4.5: UNDERGROUND RADON MEASURMENTS IN WELLS 
AT DIFFERENT DEPTHS USING LR-115 PLASTIC TRACK 
DETECTORS AT A.M.U., ALIGARH 
4.6: RESULTS AND DISCUSSION 
4.7: CONCLUSION 
REFERENCES 
PAGE No. 
47 
48 
49 
5i 
57 
57 
61 
62 
CttAPTEE-l 
RADON AND I T S 
CLASSIFICATION 
0 
i^t 
iiattiiailUMH idlliiiaNiMH 
jammmmmmm ttummmtmmmsmm 
CHAPTER-1: RADON AND ITS CLASSIFICATION 
1.1: INTRODUCTION: 
Radon (^ "^ R^n) is naturally occurring invisible, odorless, colorless, 
tasteless and noble radioactive gas. It is denoted by ("^Rn). Its atomic 
number is 86 and mass number is 222. It is heaviest in the members of 
noble gases and has the highest melting point, boiling point, critical 
temperature and critical pressure. Being a noble gas it cannot be detect 
by human senses and any other chemical method. 
Radon is soluble in cold water and its solubility decreases with 
increasing temperature, due to this characteristic radon (^ ^^ Rn) can be 
released during household water related activities such as washing, 
bathing and cleaning. Radon is highly soluble in toluene. Thus, toluene 
is commonly used Tor extracting radon (''^ ^Rn) gas from water for water 
borne radon measurements and for trapping radon (^ ^^ Rn) in soil for 
''soil gas" measurements. Although radon ( Rn) is an inert gas, it does 
not form such compounds as Clathrates and complex Fluorides (Fields 
et. al., 1962; Stein, 1983). Effects have been unsuccessful to form oxides 
and other halides with radon. There are 27 known isotopes of radon 
("^Rn) ranging from 200 - 226. The half-lives of other radon (^ ^^ Rn) 
isotopes are less than one hour except for these isotopes ^^ R^n (3.82d), 
'"Rn(14.7h)and-"'Rn(2.5h). 
1.2: SOURCES OF RADON: 
Radon (^ ^^Rn) is directly produced by the decay of radium 
( Ra) in minerals and itself is the product of a natural radioactive 
decay series of' U," "U and Th. Granite rock and alum shale tend to 
be higher than the usual continental rocks. The concentrations of radon 
are found different in zircon (ZrSiO^), apatite [Cuj (F, CI) (1*04)3], 
Sphene (CaTiSi04), and allanite [H (Ca, Fe) (Al, Fe)3 SijOn]. 
1.3: USES OF RADON. 
Some uses of radon ( "Rn) are given below. 
(1) Earthquake prediction 
(2) Study of atmospheric transport 
(3) Medical application 
(4) Uranium exploration etc. 
1.3.1: EARTHQUAKE PRIDICTiON: 
Radon (^ ^^Rn) is naturally occun-ing gas produced by the decay of 
radium ("''Ra) which is Ibuiid in all type of rocks, building materials 
and soils. Radium (^ '^'Ra) is present everywhere in the earths crust so 
radon (^ '^^ Rn) is found everywhere in varying quantity. It can move 
freely from the place of its origin through pores in soil and cracks in 
walls. 
Kadon ("Rn) concciitmliim in soil gas or in gnniiul water has 
been observed to increase markedly suddenly before or during the 
earthquake and volcanic eruption occurred in the region. Though the 
prediction t)!" carlluiuako is not yet possible, this anomalic behavior of 
radon ( Rn) concentration can be used for the prediction of earthquake. 
The earthquake prediction research has greatly increased our 
understanding of earthquake source mechanisms, the structural and 
structural complexities of fault zones and the earthquake recurrence 
interval, expected at a given location. 
Many diverse measurements have been interpreted as providing 
precursors to earthquake. Rikitake has mentioned in 1976 such 
parameters including strain, tilt, foreshocks and foreshock sequences, 
seismic wave velocity changes, fault creep, underground water and oil 
flow, earth resistivity, earth currents, geomagnetic effects and radon 
variations. The nature of radon variations was particularly promising for 
predictions. Ulomov et. al., (1967) and Ulomov and Marashev (1968) 
provided usefulness of radon by finding increasingly elevated radon in 
ground water from a deep well in Toshkent. The only plausible 
mechanism that has been suggested is that pre-earthquake stress 
gradients move fluids in the pore spaces at the site of radon observations 
(Dobrovolsky et. al., 1979; Fleischer, 1981). 
On the basis of some studies carried out in hot springs in Japan, 
Shiratoi in 1927 suggested that a correlation might exist between radon 
(^ ^^Rn) content variations in the ground and seismic phenomena (Bella 
and Potlinolli, 1990), Active faults were located by measuring high 
radon ( "'Rn) levels in the Massif Central France during the mid thirties 
(Monnin and Seidal, 1991). The radon (^ ^^Rn) content in soil gases near 
active fault observed an anomalous change before Tonanki earthquake 
(M = 8) by Hatuda in 1944. Anomalous radon ( Rn) changes in ground 
water and soil gas have been reported for a number of earthquakes at 
stations located hundred kilometers from their epicenter (Sadvosky et. 
al., 1972; Liu et. al., 1975; Noguchi and Wakita, 1977; Birchard and 
Libby, 1980; Mogro-Campero et. al., 1980; Hauksson and Goddard, 
1981; Segovia et. al., 1986; Virk and Singh, 1992). 
1.4: SOIL GAS RADON: 
All rocks and soil contain traces of natural radioactive uranium 
("''U) and thorium ("^Th). These have very long half-life, 4.5 x lO'V 
and 1.4 x 10'"y respectively. The radioactive decay series of uranium 
and thorium decays through a chain of nuclides to stable isotopes of 
lead. Mostly uranium and thorium forms solid nuclide, but radon (^ ^^Rn) 
and Thoron (^ '^^ Rn) are gaseous isotopes of radon. '^ ''^ Rn is commonly 
known as thoron. It has veiy less half-life so it is not a cause of health 
hazards. But radon ("^^Rn) has a half-life of about 3.82 days. Thus this is 
a cause of health hazards. How much and how far radon gas in the soil 
can migrate is mainly determined by soil permeability. PeiTneability is 
the capacity of the soil to transport a gas or liquid without damage to the 
structure of soil. The soil, which has high permeability such as sand 
allow lager amounts of radon gas to migrate, causing higher indoor 
radon ('^^Rn) levels. While low permeability soil such as water-
saturated clay, decrease radon movement, causing lower indoor radon 
(^ ^"Rn) levels. The radon (^ ^^Rn) exhalation rate is also seen to increases 
with temperature (Straden and Kolstad, 1984). 
Wind can also vary radon (^ ^^Rn) concentration by its flushing 
effect on radon (^"Rn) in the soil surrounding in the home (Riely et. al., 
1996). Atmospheric pressure fluctuations also can influence the entry of 
radon. The advection contribution varies greatly from structure to 
structure due to pressure difference and permeability (Robinson et. al., 
1997). Fractures in the bedrock formation, cracks in the soil and in the 
materials of foundation of a structure are the direct cause of high indoor 
radon (""Rn) concentration (El-Khatib et. al., 1988; Keller et. al., 1992; 
Scott et.al., 1994). 
1.5: RADON TRANSPORT: 
Radon (^ ^^ Rn) is most abundant in mineral grains. It originates 
from radium (^ ^^ Ra) in soil grains; a small fraction of it is freed to move 
through the pore spaces in the atmosphere and much of that has decayed 
before being transported by the winds to over the oceans. Homes, 
because they lie at the interface between the soil and continental 
atmosphere, have radon ( Rn) concentrations that are intermediate 
between those of the soil gas and the atmosphere. 
Radon ( Rn) transportation takes place by two basic means, 
diffusion and force flow. Diffusion inevitably occurs, even though its 
extent may be limited. Hence diffusion migration sets a lower limit on 
the transport of radon (^ ^^ Rn). Force flow depends on pressure gradients, 
which may or may not be present in a given situation. Many 
hypothetical origins of such gradients have been proposed, but clearly 
they dependably known to be active; such case diffusion effects are 
superimposed on those of pressure gradients. The diffusion of radon 
through the ground is related to permeability, which is dependent on 
grain size distribution, degree of composition and water content of the 
soil (Rogers and Nielson; 1991). 
1.6: RADON DIFFUSION; 
Diffusion rates of radon (^ ^^Rn) in air, water and soil are 
different. There is a mean distance of motion of radon (^ ^^Rn) isotopes 
before it disappears by decay -VDI, where D is the diffusion constant and 
T is the mean life of the isotope. Hence the average radon (^ ^^Rn) atom 
moves about 1.6 m in dry porous soil but 1.6 cm only in water-saturated 
soil. The table 1.1 depicts the mean din'usion distances and diffusion 
constants of radon isotopes in different medium. 
Table -1.1: Mean Diffusion distances of radon isotopes in different 
medium. 
S.No. 
1 
2 
3 
4 
Medium 
Air 
Porous Soil 
Water 
Saturated 
Porous Soil 
Mean Distance (cm) 
^^ R^n 
220 
155 
22 
1.55 
""Rn 
2.8500 
2.0000 
0.0285 
0.0200 
Diffusion Constant * 
(cm^/s) 
10-
5x10"' 
10"' 
5x10"' 
From a compilation by Tarmer (1964). 
1.7: URANIUM, RADIUM AND RADON IN ROCK AND SOIL: 
Throughout the process of soil formation, changes take place in 
the original uranium and radium concentrations in the bedrock. 
Moreover, uranium and radium have different chemical properties and 
are affected to a different extent by chemical leaching. There is often a 
separation of uranium and radium. As a result of the separation of 
uranium and radium (^ '^'Ra) that takes place when soil is formed, 
transported and sorted, radon (^ ^^Rn) concentrations in ground water and 
soil air may differ substantially in different types of soil. Thus they vary 
in different horizons in the same soil profile. In podsol soils, uranium is 
depleted in the topsoil and deposited in the rust-colored B-hori/.on at a 
depth of few centimeters as shown in Figure-1.1 (Minell, 1983; 1990). 
The B-horizon gets its pigmentation from precipitated iron and 
manganese hydroxide and organic matter, which act as a reducing 
environment for uranium and radium leached from the top soil. 
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1.8: FORMATION AND EMANATION OF RADON: 
There are three different theories about how radon C'^ R^n) 
emanation takes place from the mineral lattice or molecule in which 
radon ( Rn) atom is formed. When radium ( Ra) decays, a radon 
(^"'Iln) atom and an alpha particle are formed, the alpha particle being 
ejected from the decaying radium atom. When the alpha particle is 
79'? 
ejected a recoil effect arises. This dislodges the radon ( Rn) atom from 
the place in the mineral lattice or molecule where the radiurn atom was 
present. The distance the radon atom can then move in a mineral grain 
oliioiiiuil density li;is been calculated from kinematics put at 0.02 0.07 
\xm. ll i.s tliis very niovenicnl of radon ( K n ) alum that enables radon 
(^ '^Rn) to emanate from a mineral grain (Fleischer, 1980; Kigoshi, 1971; 
Tanner, 1980). 
The radon ("^^Rn) atom could be ejected from the grain as a result 
of the movement; provided it was close to the surface, and was kicked in 
an outward direction. In same manner, tlie radon (^^'Rn) atom could be 
ejected to a micro-fissure in the mineral grain. 
Some researchers have assumed that radon (^ ^^Rn) could emanate 
from the mineral grain by diffusion through the mineral lattice or by 
leaching by water through radiation damage in mineral grain (Fleischer, 
1980, 1982). 
Radon (^ ^^Rn) concentration in soil air is determined by radium 
(^ '^'Ra) concentration in surrounding soil and bedrock, how many of the 
777 
radon ( Rn) atom emanate to the pore space from the mineral grain in 
which they are formed, and the porosity of the water content of the soil. 
Further the radon ("'Rn) concentration is affected by how much of the 
radon ( 'Rn) is removed or supplied by diffusion and transported by the 
movement of the soil air, water or ascending gases such as CO2 and 
CH4. The permeability of the soil and rock plays an important role for 
transportation of radon (^^^Rn). Figure-1.2 shows the radon emanation 
from a mineral grain. 
o 
RADIUM ATOM 
^ 
RADON ATOM 
^ ALPHA PARTICLE 
Length of the movement of radon atom. 
This is over emphasied in the figure, in a 
mineral grain of the normal density, this 
movement Is at most 0.02 - 0.07|jm; in 
water 0.1pm and in air 63 pm. 
Transport of the radon atom by diffusion. 
Figure-1.2: Radon (^ ^^Rn) emanation from a mineral grain. Tanner 
(1980). 
11 
Casc-(i) when radium (^ ^^ 'Ra) decays, radon (^^'Rn) and an alpha 
particle are produced. The radon ( *• Rn) atom is moved into an adjacent 
crystal by a recoil effect from the ejected alpha particle. 
Casc-(ii) the radon (" Rn) atom is moved through the crystal. 
Casc-(iii) the radon ( Rn) atom is moved from the crystal to a micro-
fissure and further transport by diffusion. 
If the radium ("'^ ^Ra) concentration, porosity and emanation for a 
type of soil are known, the maximum radon ( "Rn) concentration that 
can occur in the soil pores can be calculated using formula (Anderson et. 
al., 1983) 
__ Aep (1 - p) 
C Rii(ma\) " ' ( 1 . 1 ) 
P 
Here CK„„„^ )^is radon (^ ^^Rn) activity concentration (Bqm') in 
pore volume with absolutely no ventilation; A is specific activity (Bqkg" 
'); e is emanation; p is compact density (kgm'"); and p is porosity, ratio 
of pore volume to total volume. Hence the maximum concentration of 
777 
radon {' "Rn) increases as the porosity (p) decreases. 
777 
Radon (' ' Rn) emanation from a rock increases with crushing and 
weathering because the chances of emanation from the individual 
mineral grain increase. Emanation from a soil is thus considerably 
12 
greater than from a coarsely crushed rock, provided they consist of the 
same type of material. 
The radon (^ ^^Rn) concentration in the air in soil pores increases 
with increasing water content in the pores. This is because of the 
equilibrium relationships between the ratios of radon in air to radon in 
water which is dependent on the temperature. It is also due to the fact 
that the radon emanation to the pore space increases with moisture. In a 
closed volume with equal volumes of air and water, and at temperature 
of+ 15"C, the radon ("^Rn) concentration is three times greater in the air 
than in the water (Allen, 1976; Tanner, 1991). As the number of radon 
(''^Rn) atoms in the pore air in a soil is constant if the emanation in the 
soil is constant and no radon ( Rn) is supplied or to leaves the pore 
volume. Thereafter an increase in the quantity of water in the pore 
volume, increase the radon (^ ^^Rn) concentration in the remaining air. If 
pores are filled with 25% air and 75% water; for example, the radon 
( Rn) concentration in the pore air will be twice as great as when the 
pores arc completely filled with air. 
A model incorporating temperature effects on radon (^ ^^Rn) 
concentration in the pore air at different water contents is given by 
Washington and Rose (1990) for depth below which the diffusional 
13 
transport of radon (""Rn) to the surface is negligible by the following 
expression. 
q.„,„.f{-^^^M/^(^-i)+i) lln(maxrl rV Vc V^^J (1 .2 ) 
222i Here F is water fraction and P is the partition coefficient of Rn 
between units of air and water. 
Many researchers have shown that emanation and exhalation 
from a soil or crushed rock or a concrete slab increase as the pores get 
filled with water. I'he radon (^ ^^Rn) content of the pore is thus 
considerably lower in dry soil than in moist soil and radon (^"Rn) 
exhalation lower from a dr)' than a moist concrete (Markkanen and 
Arvela, 1992). 
1.9: RADON CONCENTRATION AT DIFFERENT DEPTHS: 
Diffusion of radon (^ ^^Rn) through the soil up to atmosphere 
above the surface of the ground is highly important in determining the 
radon concentration in the soil air at different depths. Radon ( Rn) 
concentrations have been studied at different depths by various 
researchers (Israelsson el. aL 1982: Kraner, 1964; Malmqvist et. al., 
1980; and Hesselbom, 1985). It has been observed that the concentration 
in the soil gas at 0.5 m is in the region of 50% of that with equilibrium 
between radon ( Rn) supplied and removed from the soil air, but also 
14 
that the concentration at so shallow a depth undergoes great change. At 
about a meter it is normally 70% - 80% of the equilibrium position, and 
more constant (Rose et. al., 1990). The radon (^ ^^Rn) concentration in 
the soil air is rckiliveiy constiinl at greater than Im depths. Measuring it 
at greater depths is expensive and provides little additional information. 
If the soil is permeable, it is more important to measure deeper down. A 
further reason for measuring ground radon at depths of Im is that you 
are measuring the concentration beneath the rust colored B-horizon 
normally formed in till, sand and silt at a depth of about 0- 70 cm. 
Uranium and radium C^^Ra) leached from topsoil are enriched in the B-
horizon making the radon (^ ^^Rn) concentration higher than in the 
subsoil below. 
Radon (^ ^^Rn) concentration in soil vary during the whole of the 
year owing to changes in the permeability and water content of the soil, 
as well as ventilation of the upper horizons. Figure-1.3 shows the radon 
concentrations at different depths. 
15 
^ " 9 ^ Aug 10 Aug 11 ' Aug 12 'Aug 131982 
Figure-1.3: Radon (^ "^ R^n) concentrations at different depths in mill 
tailing from uranium mining porosity 50%, water content 5 -10%, and 
measurements with a- probe 601 (Bigu et al., 1984). 
16 
1.10: RADON EMANATION FROM FRACTURE AND FAULT 
ZONES IN THE BEDROCK: 
Measurements have shown increased concentrations of radon in 
soil air and ground water above fracture and fault zones in the bedrocks. 
The concentration changes in conjunction with earthquakes (Birchard 
and Libby, 1980). These observations indicate that radon could be 
transported more rapidly than by diffusion or ground water movement in 
fracture zones. Various theories have been put forward about how this 
could take place. One is that radon is transported with geo-gas (i.e. CO2, 
CH4 and N2) finding its way towards the surface (Hermansson et. al., 
1991 a, b; Kristiansson and Malmqvist, 1982). A reason for increased 
concentration over fracture zones is that Uranium ions and/or daughter 
nuclides dissolved in the ground water have been precipitated near the 
ground surface, and that radon (^ ^^ Rn) emanates from the radium 
(^ ^^ 'Ra) formed in their disintegration. Radon (^ ^^ Rn) concentrations in 
soil air above such zones have been found to lie within limits that are 
natural for the variations occurring in the soil type. However, it is 
perfectly clear that increased radon concentrations in the soil air beyond 
those that can be formed by surrounding layers of soil, occur over 
certain fracture zones. In these cases, they occur together with enhanced 
levels of CO2 and often of helium. COi has been shown to act as carrier 
17 
in transporting radon ('^ "'^ Rn) from the fracture zones to the surface 
(Hunyadi et. al., 1995). 
1.11: SIGNIFICANCE OF RADON STUDY: 
Effective environmental monitoring and quantitative monitoring 
assessment of the health effects and health risks clear the doubts about 
the impact of all activities involving radionuclides. The natural or 
artificial materials, which are radioactive, should be utilized in such a 
manner that their uses are for the benefit of human beings. Natural 
background radiation is the largest contributor to the radiation dose for 
the world population. External radiation sources are extraterrestrial 
cosmic rays, primordial radioactive nuclides in the earth, water, air, 
building materials and naturally occurring radionuclide that are inhaled 
and ingested by the human body. The highest contributor comes from 
radon (* "Rn) and its daughters merely. The radiological impacts due to 
inhalation of radon (""Rn) and its daughters, not recognized in mines 
but in the dwellings also. 
The present measurements were carried out to study various 
aspects that are related to indoor radon and under ground radon. This 
dissertation reports the results obtained for indoor radon in dwellings at 
different places, radon exhalation rates and effective radium contents in 
soil and sand samples collected from various places and also radon 
measurements underground. 
19 
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CHAPrER-2: TUACK ETCH TECHNIQUE OR SSNTD 
TECHNIQUE FOR RADON MEASURMENTS. 
2.1: INTRODUCTION: 
The measurement of radon ('"*Rn) and its daughters in indoor air 
is based on the detection of alpha particle emitted as a resuh of 
radioactive decay. The measurements techniques may be active or 
passive. In active technique indoor air containing the gases or their 
progeny are pumped into or through the detecting system. In passive 
technique the concentrations are measured under natural conditions by 
simply exposing the detectors in indoors or underground. 
2.2: RADON MEASURMENT TECHNIQUES. 
There are many techniques for the measurements of radon (" Rn) 
and its daughters but some widely used techniques in the indoor and 
outdoor air are as follows:-
1- Scintillation 
2- Electret detectors 
3- Adsorption technique 
4- Thermo luminescent detectors 
5- Grab sampling 
6- Pulse ionization Chamber 
7- Alpha guard 
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8- Track etch technique 
2.2.1: SCINTILLATION: 
Scintillation counting in the gaseous phase has been extensively 
used for the purpose. Lucas (1957) was the first to publish any thing 
about it. It is one of the oldest and most reliable techniques. The device 
is in general a glass vessel internally covered with a scintillating 
material such as ZnS. The tiny flashes produced by alpha particles on 
the phosphor are seen by a light amplifier. Those have been 
pholoniulliplicrs for a long time, now they have been replaced by micro 
channel plates. 
Sensitivity of the device depends mainly on the length of the 
counting period. It improves slightly by increasing the volume of the 
flask. A sensitivity of a few Bqm"^  can be achieved. It can be further 
increased by electrically collecting '^"Po atoms directly on the detector 
(Bochiccio and Risica, 1990). As a variation, coincidence a and P-
paiticle scintillation counting can be performed (Centre de 
Investigaciones Energeticas, 1995). Scintillation can also be observed 
after filtering the radon (^ '^ R^n) progeny and placing the resulting a-
emitter-rich filter in front of the scintillation screen (Bovi et. al., 1993; 
Fuji Photo Corp., 1993; Phelan and Robert, 1969; Powell, 1979). A 
more sophisticated version of the Lucas cell is the multiple scintillation 
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chamber device which gives, as a function of time, a better quality 
response (Demel, 1988). Continuous gas scintillation counting is 
performed in an apparatus produced by Madnick and Sherwood (1990). 
This device comprises several light tight chambers in which scintillation 
counting of radon (^ ^^ Rn) and its daughters is performed. This provides 
an inexpensive radon ("^Rn) gas detector suitable for continuous radon 
(•^ •^^ Rn) monitoring in dwellings. Finally, the concentration of air borne 
radon products is measured as a function of time using Bresson and 
Larson (1979) device. Radon (^ ^^ Rn) daughters are collected on a 
moving strip of filter. The particle bearing area of the filter tape is 
periodically advanced away from the collection position to a detecting 
position. The p-radiation emitted from the particle bearing area is 
detected by a plastic scintillator and photomultiplier detector. 
2.2.2: ELECTRET DETECTORS: 
First of all Marvin used electret tc detect gamma radiations 
(Marvin, 1955) in 1955 that is highly reliable even under high humidity 
and temperature. The electret is made up of dielectric material, in which 
quasi-permanent electrostatic charge is stored that charge produces a 
strong electrostatic field. Thus the collecting of opposite sign by 
radiation that is relative to activity; due to this resulting drop in the 
electret potential. Electret's resulting potential is measured by battery-
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operated shatter method (Kotrappa et. al., 1982, 1984; Gupta et. al, 
1985); after proper calibration it is found that electret dosimeter can also 
be used for activity measurements. The sensitivity of detector is 
depending upon chamber's volume of the device and the thickness of 
sensitivity material. 
The electret has an advantage that it can store information for a 
long time, but there is a disadvantage that it can not cover dose-response 
curve efficiently for very low as well as very high activity. This is also 
sensitive to gamma radiation. The electret detectors are used to measure 
radon activity in the field (Kotrappa et. al., 1988). It is also known as 
electret radon (^ ^^ Rn) monitor. It exhibits a nearly permanent electrical 
charge and produces a strong electrostatic field that is able to collect 
ions of the opposite sign. Thus the total charge of the electret is 
decreases. It was first of all suggested by Marvin in 1955. An electret 
radon (^ ^^ Rn) monitor is made of steel; basically, inside of it. 
2.2.3: ADSORPTION TECHNIQUE: 
This technique depends upon adsorption of the gas on an 
adsorbing material, such as charcoal. Radon (^ ^^ Rn) activity can be 
measured by measuring the gamma activity of trapped daughters. A 
typical charcoal detector (George, 1984) contains about 150g 
compressed activated carbon in 'can". These 'cans' are exposed in to air 
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typically for 4 to 10 days. After the exposure the 'can' is sealed and 
gamma activity of trapped radon (''^ ^Rn) daughters is studied using Nal 
detector. Normally after 3 to 5 days all thoron (^ °^Rn) and its daughter 
products in the cup disappear and count rate should represent radon 
only. This technique is suitable for the radon (^ ^^ Rn) only measurements 
and for radon (^"Rn) concentration less than 40 Bqm'^  with an 
integration period of a few days. The exposure time cannot be larger 
than a week. Thus this technique does not provide true time average. 
2.2.4: THERMO LUMINESCENCE DETECTORS: 
These detectors are used to record energy deposition in various 
radon (^ ^^ Rn) measurement devices. These detector chips respond to 
beta and gamma radiations as well as a-particles and its daughters. In 
these detectors data analysis is very complicated and depends on the 
type of phosphor used such as TLD. 
2.2.5: GRAB SAMPLING: 
A scintillation material is used to measure a-particles that are 
emitted from a filter. In this method, the complete experiment is done 
within 10 minutes. Since, this method gives the radon (^ ^^ Rn) only 
concentration at a specific time, it does not give the average 
concentration of radon (^ ^^ Rn) by direct measurement in dwellings. 
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2.2.6: PULSE IONIZATION CHAMBER: 
This instrument is used for highly accurate measurements and 
very low concentrations of radon (^ ^^ Rn), either current or pulse 
ionization chambers iirc Ihe inslrnmcnls of the choice (Fiesenne ct. al.. 
1985). Since this is a complicated device that is generally used as 
primary laboratory device for calibration and evaluating secondary 
device. The lower limit of detection is about 0.7 mBq of radon for 17 
hours counts that is given by manufacturers. This is not used widely 
because of its complexity and high cost. 
2.2.7: ALPHA GUARD: 
This is a portable ionization chamber used for field 
measurements. It has a sensitive volume of about 0.55L and its operation 
time is about 10 days from internal batteries. It is used for field 
measurements at temperature about 4°C - 60"C and humidity 0- 95%. In 
the alpha guard, there are three separate analog digital converter (ADC) 
channels. Channel 1 or ADCl is used for low concentration of radon 
(^ ^^ Rn) to extract pulse height and shape information, channel 2 or 
ADC2 is used for high concentration of radon (^ ^^ Rn) and channel 3 or 
ADC3 is used for very high concentration of radon (^ ^^ Rn). This device 
has the sensitivity of 0.05 counts per minute Bqm'^  It has the added 
capabilily of incasuring icinpcrulurc, relative humidity aiui barometric 
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pressure. However, it is highly expensive device. 
2.2.8: TRACK ETCH TECHNIQUE: 
This technique is most widely used for integrated radon (^ ^^ Rn) 
measurements. These tletcctors are based on the passage of heavily 
ionizing nuclear particles through the insulating solids to create narrow 
tracks (< 50A) by damaging on the atomic levels. This was first of all 
observed by Young in 1958 but later developed by Fleischer, Price and 
Walker (Alter e(. al., 1972). These tracks arc damages mainly composed 
of displaced atoms rather than electronic defects. There are stable, 
chemically reactive centers of strain, which are not formed in good 
electronic conductors (Fleischer et. al., 1965a). These detectors are 
normally called Solid State Nuclear Track Detectors (SSNTDs). Table-
2.1 depicts the track formation and non-track forming materials and their 
electrical resistivities. 
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Table-2.1: Electrical Resistivities for tiie Tracl< Forming and Non-track 
Forming materials. 
Material Resistivities range (ohm-cm) 
1- Track forming 
(i) Insulators 
Silicate materials 
Alkali halides 
Insulation glasses 
Polymers 
(ii) Poor insulators: M0S2 
(iii) Semiconductors: V2O5 glass 
2- Non track fomiing 
(i) Semiconductors* 
Germanium (Go) 
Silicon (Si) 
(ii)- Metals 
Aluminum (Al) 
Copper (Cu) 
Platinum (Pt) 
Tungsten (W) 
Zinc (Zn) 
10^-10^° 
2 x l 0 ' - 2 5 x l 0 ' 
2x10^-20x10^ 
1 0 - 2 x 1 0 ' 
10-^  - lO"* 
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• Morgan and Chaddcrlon (1968). 
Generally, there are two plastic track detectors that have been 
used for the measurement of radon (^ "^Rn) and thoron (^ *^^ Rn). 
(i) CR-39, Allyl-diglycol Carbonate (CizHigOy), Manufactured by 
Pershore Moulding Ltd. U.K. 
(ii) LR-115, Cellulose Nitrate (CsHgO^Na), Manufactured by Kodak 
pathe, France. 
The CR-39 is very sensitive to detection of a-particles in the 
energy range 1- 60 MeV, and is also sensitive to recording the 'self 
plating' radon (^ "^ Rn) daughters. The a-particle tracks recorded due to 
the ''self plate out effect". The etching conditions for CR-39 are 6- 10 
hours at 60'^ C in 6 N NaOH solutions. Thus the use of CR-39 for 
environmental radon measurements is not favorable. Another plastic 
track detector, which has been used widely for the radon (^ ^^ Rn) 
measurements, is LR-115, type-II, red colored, based on cellulose nitrate 
with thickness of about 12 jim deposited on lOO^m thick non-etchable 
plastic. It is free from self-plate out effect. Thus it does not record tracks 
due to self-plating daughters, a-particles of energy 6 MeV (^ '*Po) and 
7.69 MeV (^'''Po). The LR-115 track detectors have been etched, under 
suitable conditions to reduce the thickness from about 12},un to 7- 8^ m 
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for 2 hours etching at 6()V in 2.5 N NaOM sokitions. The LR-115, type-
II, films are of two types, pelleculable and non-pelleculable. The tracks 
in the non-pelleculable films can be counted using an optical research 
microsfopi.' ;tiH! Iliis |iriK'oss is tedious and more time consuming but 
tracks in the pcilcculahlc lllms can be counted using a Spark Counter. In 
this process less time is consumed. In the present work, we have been 
using 1,K-I l.S, ty|)c-li plastic track detectors (i.e. both pelleculable and 
non-pelleculable) for radon measurements. In case of CR-39, the Spark 
Counter can not be used because of its thickness that is about 200|am. In 
view of various advantages, LR-115, type-II plastic track detectors are 
more favorable for radon measurements in comparison of CR-39 plastic 
track detectors. 
2.3: ADVANTAGES OF SSNTDs: - There are many advantages of 
SSNTDs that are given below: -
(i) SSNTDs are extremely simple to construct as compared with other 
track detectors mainly, bubble chamber, cloud chamber, spark chamber 
and nuclear emulsions. 
(ii) SSNTDs are cheap and are available in different sizes. 
(iii) In SSNTDs the tracks formed are permanent and stable under 
various environmental conditions such as high temperature, pressure, 
humidity and mechanical vibrations. 
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(iv) SSNTDs are capable of recording fission fragments, due to the 
small size. These detectors are placed in direct contact with sources of 
fission fragments. 
(v) SSNTDs are highly durable and pose no health effect and handling 
problems. 
(vi) SSNTDs have geometrical flexibility that makes them suitable for 
angular distribution measurements in nuclear reactors. 
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CHAPTER-3: THE MEASUREMENT OF RADIUM ("'Ra) 
CONTENT AND RADON (^ "Rn) EXHALATION RATES IN 
SOIL. 
3.1: INTRODUCTION: 
Radium is one of the radionuclide of concern. This mainly 
enters the body in food and tends to follow calcium in metabolic 
processes to become concentrated in bones. The radiation given 
off by radium bombards the bone marrow and destroys tissue that 
produces red blood cells. It also can cause bone cancer. Radium is 
chemically similar to calcium and is absorbed from soil by plants 
and passed up the food chain to humans. The radium content of a 
sample also contributes to the level of environmental radon as 
radon is produced from ^^ ^Ra through alpha decay. 
3.2: MEASURMENT OF EFFECTIVE RADIUM CONTENT OF 
SAND SAMPLES, USING TRACK ETCH TECHNIQUE 
COLLECTED FROM CHHATRAPUR BEACH ORISSA, INDIA: 
Sand is used as a construction material in buildings. Higher 
values of ^^ R^a in sand contribute significantly in the enhancement of 
indoor radon in a dwelling. By knowing the radium content of a sample 
we can ascertain its use as a construction material. 
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In the present study track etch technique using LR-115 plastic 
track detectors has been used to measure the effective radium content of 
sand samples collected from the Chhatrapur beach deposit (S4°54"22' -
85°3"48' N lat., and 19°15" - 19°26"36' long.) is located in Gangam 
District, Orissa on south-eastern Cost of India and some samples 
collected from Indian rivers. 
3.3: EXPRRIMKNTAL AND THEORETICAL DETAILS: 
The sand samples were collected from the Chhatrapur beach 
placer deposit by the grab sampling method. The study area is extended 
over a length of 20 Km trending NE-SW with an average width of more 
than 1.5 Km. The experimental arrangement is shown in Fig. 1. Dried 
sample (lOOg) was placed at the bottom of the plastic can. The mouth of 
the can was sealed with a cover fixed with LR-115 type II plastic track 
detector in such a way that the sensitive surface of the detector faced the 
sample. The detector records the tracks of alpha particles emitted by 
radon gas produced through the alpha decay of radium. The track 
density p (in track cm'^ ) is related to the radon activity concentration CRH 
(in Bqm"^ ) and the exposure time T by the formula: 
p = K C ^ r (1) 
where K is the sensitivity factor of LR-115 track detector. The value of 
K for a can of radius 3.5 cm and height 10 cm is 1/30 tracks cm'^  d'V 
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(Bqm'^ )"^  with an uncertainty of 15% (Somogyi, 1986). It is necessary 
that for this value of K, the etching is carried out to reduce the thickness 
of the LR-115 type detector to about 5 j^ m (Somogyi 1986), which is 
obtained by 2 hour etching of the detector in 2.5 N, NaOH solution at 
60^ C. 
Since the half-life of "^Ra is 1620 years and that of "^Rn is 
3.82 days, it is reasonable to assume that an effective equilibrium 
(about 98%) for radium-radon members of the decay series is 
reached in about 3 weeks time. Once the radioactive equilibrium 
is established, one may use the radon alpha analysis for the 
determination of steady-state activity concentration of radium. 
The activity concentration of radon begins to increase with time 
T, after the closing of the can, according to the relation: 
Qn'^Qal^"® " ) (2) 
where CRS is the effective radium content of the sample. Since a 
plastic track detector measures the time-integrated value of the 
above expression i.e. the total number of alpha disintegrations in 
unit volume of the can with a sensitivity K during the exposure 
time T, hence the track density observed is given by: 
P = KC R, T , (3) 
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where !« denotes, the effective exposure time given by: 
T = 
e T-Vll-e^"'). (4) 
In these measurements the exposure time T is 150 days. 
Finally, the Effective radium content- of a specimen in a 
can (see Fig. 1) can be calculated by the formula: 
f _ V U A N 
C K a ( B q k g - ' ) = P 
K T , , 
/ h A 
I M J (5) 
where M is the mass of the solid sample in kg, A is the area of 
cross-section of the can in m ;^ h is the distance between the 
detector and top of the solid sample in m. 
3.4; RESULTS AND DISCUSSION: 
Table-3.1 depicts the values of effective radium content of sand 
samples collected from Chhatrapur beach, Orissa, India. It is seen that 
values of effective radium varies from 63.60 Bqkg' to 773.52 Bqkg' . 
These values are lower than the values found for Brazilian beach sand 
(Veiga et. al, 2006). Table-3.1 also presents the value of effective 
radium content of sand samples collected from different rivers. It shows 
that the value of effective radium content varies firom 17.31 Bqkg"' to 
29.50 Bqkg''. It is clear from table-3.1 that the values of effective 
radium content in sand samples collected from Chhatrapur beach are 
higher than the values of cfl'cctive radium content of sand samples 
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collected from rivers. The higher values in the beach sand samples may 
be attiibuted to the presence of radiogenic heavy- minerals in these 
samples. The heavy mineral assemblage includes ilmenite, garnet, 
siilimunile, rutilc, zircon, mona/Jlc. magnetile nnd minor amounts of 
hornblende, diopside, sphene, tourmaline, epidote and pyroxene, while 
the light sand minerals are quartz, feldspars and some mica. The 
ilmenite, garnet, sillimanite, rutile, zircon ond monazites ar« pr«tient in 
the samples in the decreasing order of abundance (Mohanty et. al., 
2003). It is also clear from the table-3.1 that 13 samples have effective 
radium content below 370 Bqkg'' and 7 samples have effective radium 
content above 370 Bqkg"'. Samples having effective radium content 
greater than 370 Bqkg'' are not advisable to be used in construction of 
dwellings as it is the limit recommended by OECD for the safe use of 
building materials for dwellings. 
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Table-3.1: Effective Radium Content in different sand samples. 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Source 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
Beach 
River 
River 
River 
River 
Detector Code 
B-7 
B-4 
B-20 
B-14 
B-9 
B-2 
B-8 
B-10 
B-3 
B-6 
B-17 
B-1 
B-19 
B-11 
B-16 
B-5 
B-13 
B-18 
B-12 
B-15 
R-1 
R-2 
R-3 
R-4 
Track 
Density 
(tracks/cm^) 
88450.70 
95733.33 
49187.00 
147600.00 
151140.35 
153133.33 
159327.73 
184531.25 
220689.65 
255049.50 
332181.81 
424591.80 
442115.38 
542187.50 
774615.38 
817619.04 
907090.90 
910400.00 
1054629.63 
1075833.33 
8750.00 
8812.50 
10125.00 
14250.00 
Effective 
Radium Content 
CR.(Bqkg') 
63.60 
68.83 
98.42 
106.12 
108.67 
110.10 
114.56 
132.68 
158.68 
183.38 
238.84 
305.28 
317.88 
389.83 
556.95 
587.87 
652.20 
654.58 
758.28 
773.52 
17.31 
18.44 
21.31 
29.50 
42 
iiealed _ 
Cover \ 
1 t 1 ! ^ 
10 
] 
cm 
1 1 
k 
i' 
\ 
•:,:.-:.-^.-r::: 
• • • • • • • - • ' 
1 
• 
RADON GAS 
ijtt 
LR-115Type 
1 II PlasticTrajck 
Detector 
Surface 
-m Plastic Can 
Sample 
Figure3.1 Experimental Setup 
43 
3.5: MEASURMENT OF RADIUM CONTENT AND RADON 
EXHALATION RATES IN SOIL USING TRACK ETCH 
TECHNIQUE: 
'! able-3.2 depicts the values of cITcctivc nKliuin content of soil 
samples collected from Etah district, India. It is clear from the table that 
the values of effective radium vary from 27.87 Bqkg'' to 45.14 Bqkg"' 
with a mean value of 34.98 Bqkg''. These values are higher than the 
values found for Indian soil reported by Mishra el. al, 1971 and Kumar 
et. al., 2001. One reason for higher values in this area may be due to the 
fact that northern part of India is having high geochemical distribution 
of ^^ *U as revealed by the radioactivity profile map of India prepared by 
Sankaran et. al., 1986. Table-3.2 also presents the value of mass 
exhalation and surface exhalation rates of radon of soil samples. The 
mass exhalation rates have been found to vary from 2.38 x 10'^  Bqkg''d'' 
to 3.86 X 10'^  Bqkg-'d'' with a mean value of 2.99 x IQ-^Bqkg'd'' and a 
standard deviation of 0.47. The surface exhalation rates have been found 
to vary from 6.19 x 10"' Bqm'M"' to 10.03 x 10'^  Bqm%' with a mean 
value of 7.77 x 10'* Bqm'M'' and a standard deviation of 1.2, 
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TabIe-3.2: 
Effective Radium Content, Mass Exhalation and Surface Exhalation 
Rates of Radon in different Soil samples 
s. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Corrected 
Track 
Density 
(tracks/cm ) 
22781.25 
24406.25 
25218.75 
27093.75 
26656.25 
27531.25 
29093.75 
29906.25 
30718.75 
33218.75 
36906.25 
37843.75 
Mean 
Standard 
Deviation 
r.lTcctivc 
Radium 
Content 
CRaCBqkR-') 
27.87 
29.48 
30.08 
31.49 
31.79 
32.84 
34.7 
36.13 
37.11 
39.62 
43.46 
45.14 
34.98 
5.5 
Mass 
livhululion 
(Bqkg-'d-') 
CR„(M)X10- ' 
2.38 
2.52 
2.57 
2.69 
2.72 
2.81 
2.97 
3.09 
3.17 
3.39 
3.72 
3.86 
2.99 
0.47 
Surface 
Exhalation 
(Bqm"^d"') 
CR„(S)X10- ' 
6.19 
6.55 
6.68 
6.99 
7.06 
7.30 
7.71 
8.03 
8.24 
8.80 
9.65 
10.03 
7,77 
1.2 
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CHAPTEE-4 
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CHAPTER-4: THE RADON ("^Rn) AND ITS PROGENY 
MEASURMENTS IN DWELLINGS AND UNDERGROUND. 
4.1: INTRODUCTION: 
Iladoii and ils xhorl lived daughters are the most importuiit 
sources of ionizing radiation found in our environment which are 
probably responsible for causing adverse effects on human lungs. 
Inhalation of radon and its short lived alpha active daughters ( Po and 
^'''Po) present in the ambient air; contribute significantly to the radiation 
damages caused in tracheal, bronchial and pulmonary regions. Studies 
have shown that prolongs inhalation of radon and its progeny may lead 
to lung cancer in many cases (Lundin et. al., 1971, Sevc et. al., 1976, 
Ramachandran et. al., 1988). Presently, the natural radioactive radon gas 
is considered to be the second most important cause of lung cancer after 
smoking. Living for lifetime in a house where radon is at the Action 
Level of 200 Bqm'' carries a 3 - 5% risk of fatal lung cancer (NRPB, 
2000). Measurement of indoor radon and its progeny levels in human 
dwellings, therefore, has become very important from health physics 
point of view. Nationwide surveys have been conducted in many 
advanced countries to find the radon levels in various kinds of houses 
(Cohen, 1975, Jonsson 1988, Langroo et. al., 1991, Kendall et. al., 
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1994). In India, too, there had been a plea for national effort on 
monitoring environment radon (Subba Ramu et. al., 1991). 
The main sources of radon inside a house are the emanation from 
the soil underneath and from the building materials used in the 
constniction of the house. Other sources like water and natural gas 
contribute minutely; de facto their contribution depends on the origin of 
water and gas and even on the rate of their consumption. Several factors 
determine the concentration of radon and its progeny in a dwelling, such 
as ventilation rate (Abu-Jarad and Fremlin, 1983), moisture and 
temperature (Straden et. al., 1984) and type of rock underlying the 
dwelling influence the indoor radon concentration. Diurnal and seasonal 
variations (Abu-Jarad and Fremlin, 1984, Lloyd, 1983) have also been 
observed. The construction and integrity of floor and habits and 
preferences regarding coating material on the walls also modify the 
concentration of radon and its progeny inside the house. 
4.2: STUDY OF INDOOR RADON AND ITS PROGENY LEVELS 
IN RURAL AREAS OF NORTH INDIA USING LR-115 PLASTIC 
TRACK DETECTORS: 
In the present investigations, levels of indoor radon and its 
progeny have been measured and effective dose-equivalent has been 
calculated in the indoor environment of 51 houses situated in four 
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villages of Etah district of Uttar Pradesh province in Northern India. 
4.3: EXPERIMENTAL DETAILS: 
LR-115 type II plastic track detectors of size 2 cm x 1.5 cm were 
used as passive detectors in "BARE" mode (Alter and Fleischer, 1981) 
for recording the tracks of alpha particles emitted by ^^ R^n gas present in 
our ambient air and also its short lived daughters typically '^*Po and 
^'''Po which generally attach themselves to the aerosols. The detectors 
were fixed on cards and mounted on the walls at a height of about 160 
cm from the ground with their sensitive surfaces facing the air, taking 
due care that there was nothing to obstruct the detectors within a 
hemispherical volume of radius 9.1 cm in front of them. The BARE 
mode of exposure is generally suspected to suffer from interferences due 
to dust deposition on the detector. It has been reported that on an 
average about 0.3 mg cm'^  of dust load could affect the radon progeny 
estimates (Orzechowski et. al., 1982). In our country Subba Ramu et. al., 
(1991) have reported that dust collected over a three months period of 
exposure in BARE mode has been typically found to be less than 0.05 
mgcm'^ . Since exposure time in most of our measurements is less than 
three months, the effect of dust load was ignored. Further, the BARE 
mode of exposure in the plane vertical to the ground minimizes the dust 
deposition. 
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After the exposure period of about 75 days, the detectors were 
etched for 2 hours in 2.5 N NaOH solution maintained at 60°C. 
Background track density was separately evaluated for each detector 
sheet before mounting. Scanning was done using a binocular research 
microscope at a magnification of 1OOX and track density of through-
etched hole was evaluated. The potential alpha energy concentration 
(PAEC) was determined using the expression: 
c 
' K X t " ' 
where p is the track density (number of tracks per cm )^ obtained after 
subtracting the background, K is the sensitivity factor or calibration 
factor preferably found by calibration experiment and / is the total time 
of exposure. Sensitivity factor was found by simulating the 
environmental conditions in the Environmental Assessment Division of 
Bhabha Atomic Research Centre, India and the details are reported 
elsewhere (Srivastava et. al., 1995). Sensitivity factor of 625 tracks cm' 
d^"' per WL was used for evaluating WL (Working Level) concentration 
of radon daughters. The radon concentrations in Bqm'^  were calculated 
by using the relation: 
3700 X WL cone 
Rn(Bqm-^) ~ r- (2) 
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where F is equilibrium factor. The effective dose-equivalent received by 
the bronchial and pulmonary regions of human lungs has been 
calculated using a conversion factor of 3.88 mSv/WLM (ICRP-65, 
1993) and assuming an occupancy factor of 0.80. 
4.4: RESULTS AND DISCUSSION: 
Table-4.1 shows the values of PAEC, concentration of radon and 
effective dose equivalent in different houses of four villages of Etah 
district of Uttar Pradesh (India), The value of PAEC varies from 2.10 
mWL to 300.82 mWL with a mean value of 48.09 mWL and a standard 
deviation of 53. The value of concentration of radon varies from 18.06 
Bqm'^  to 2587.05 Bqm'^  with a mean value of 413.55 Bqm"^  and a 
standard deviation of 460. Most of these values are on the higher side. 
One reason for higher levels of radiation in these villages may be due to 
the fact that northern part of India is having high geochemical 
distribution of ^^ ''U as revealed by the radioactivity profile map of India 
prepared by Sankaran ct. a!., 1986. it is evident from the tablc-4.1 that 
there is a large variation in the values of PAEC and concentration of 
radon. This variation may be attributed to the fact that there was a wide 
variation in the type of construction of these dwellings. Most of the 
houses are made of only mud. There are houses made of only bricks 
without plaster and having earthen floor. There are houses made of 
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bricks and plastered without any white wash. The minimum value has 
been found in verandah, which was open from three sides to make it 
adequately ventilated. The values which are on the higher side have 
been found in houses which are made of mud and whose floor was also 
earthen i.e. there was no hindrance in the path of radon between the top 
surface of the floor and the ambient air. Values, which are on the lower 
side, have been observed in houses, which are plastered and painted with 
good quality distemper or paint. It is also seen from the table-4.1 that out 
of 51 dwellings where measurement were carried out, only about one-
third were found to have values less than the level of concern i.e., 150 
Bqm'^  (Mc Laughlin 1989). About two-third of the house were having 
concentration of radon not only more than the level of concern but also 
more than the Action Level (200 Bqm'^ ) as recommended by ICRP 
(ICRP 65, 1993). Most of the values of concentration of radon and its 
progeny are more than the values found in urban areas as shown in 
figure-4.1 (Azam, 2002). It is clear from figure-4.1 that the mean value 
of PAEC in villages is about five times higher than the highest mean 
value of PAEC in urban dwellings. Figure-4.2 shows the frequency 
distribution of concentration of radon. It is clear from the rigure-4.2 that 
maximum numbers of houses are having concentration of radon between 
200 - 300 Bqm'^  which is more than the Action Level. As living for 
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lifetime in a house where radon is at the Action Level of 200 Bqm'^  
carries a 3% - 5% risk of fatal lung cancer, most of the occupants of 
these villages are at higher risk of lung cancer. It is also clear from the 
table-4.1 that the values of effective dose equivalent vary from 0.34 
mSvy"' to 48.11 mSvy'' with a mean value of 7.69 mSvy''. Most of the 
values of radiation dose are higher than the worldwide average 
background radiation dose of 2.4 mSvy"' (UNSCEAR, 2000), and hence 
a cause of concern. Therefore, further investigations are needed for 
finding the health related effects among the occupants of these villages. 
53 
TabIe-4.1: 
Potential alpha energy concentration, radon concentration and effective 
dose equivalent in different rural houses 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Detector 
Code 
D-5 
D-4 
D-16 
D-13 
D-17 
D-10 
D-18 
D-1 
D-14 
D-15 
D-37 
D-29 
D-6 
D-23 
D-19 
D-51 
D-9 
D-12 
D-3 
D-U 
D-25 
D-33 
D-27 
D-2 
D-49 
Corrected 
Tracks 
Density 
(tracks/ cm )^ 
97.23 
114.58 
149.31 
253.47 
258.16 
357.63 
375.00 
531.25 
531.25 
635.42 
656.25 
812.50 
878.47 
875.00 
937.50 
1000.00 
1017.36 
1052.08 
1086.81 
1125.00 
1156.25 
1156.25 
1187.50 
1260.42 
1468.75 
PAEC 
(mWL) 
2.10 
2.4S 
3.23 
5.48 
5.58 
7.73 
8.12 
11.53 
11.53 
13.74 
14.34 
17.75 
18.99 
19.11 
20.27 
21.83 
21.99 
22.74 
23.58 
24.32 
25.25 
25.27 
25.95 
27.34 
32.06 
Concentration 
ofRn 
(Bqm-^ ) 
18.06 
21.33 
27.78 
47.13 
47.99 
66.48 
69.83 
99.16 
99.16 
118.16 
123.32 
152.65 
163.31 
164.34 
174.32 
187.74 
189.11 
195.56 
202.79 
209.15 
217.15 
217.32 
223.17 
235.12 
275.72 
Effective 
Dose 
Equivalent 
(mSvy-') 
0.34 
0.40 
0.52 
0.88 
0.89 
1.24 
1.30 
1.84 
1.84 
2.20 
2.29 
2.84 
3.04 
3.06 
3.24 
3.49 
3.52 
3.64 
3.77 
3.89 
4.04 
4.04 
4.15 
4.37 
5.13 
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25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
D-49 
D-26 
D-50 
D-54 
D-30 
D-39 
D-28 
D-38 
D-42 
D-44 
D-31 
D-36 
D-24 
D-43 
D-48 
D-41 
D-40 
D-53 
D-32 
D-45 
D-35 
D-57 
D-56 
D-52 
D-46 
D-34 
D-58 
1468.75 
1468.75 
1500.00 
1500.00 
1687.50 
1718.25 
1812.50 
1825.50 
1843.75 
1937.50 
2187.50 
2312.50 
2531.25 
2750.00 
2875.00 
3093.75 
3250.00 
3562.50 
3750.00 
3812.50 
3937.50 
4250.00 
4500.00 
5187.50 
5829.31 
10468.75 
13781.25 
Mean 
Standard Deviation 
32.06 
32.09 
32.74 
32.74 
36.88 
37.54 
39.60 
39.89 
40.34 
42.40 
47.80 
50.53 
55.28 
60.18 
62.78 
67.70 
71.12 
77.76 
81.94 
83.42 
86.03 
92.77 
98.23 
113.23 
127.56 
228.76 
300.82 
48.09 
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275.72 
275.97 
281.56 
281.56 
317.17 
322.84 
340.56 
343.05 
346.92 
364.64 
411.08 
434.56 
475.41 
517.55 
539.91 
582.22 
611.63 
668.74 
704.68 
717.41 
739.86 
797.82 
844.78 
973.78 
1097.02 
1967.34 
2587.05 
413.55 
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5.13 
5.13 
5.24 
5.24 
5.90 
6.00 
6.33 
6.38 
6.45 
6.78 
7.64 
8.08 
8.84 
9.62 
10.04 
10.83 
11.37 
12.44 
13.11 
13.34 
13.76 
14.84 
15.71 
18.11 
20.40 
36.59 
48.11 
7.69 
9 
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4.5: UNDERGROUND RADON MEASURMENTS IN WELLS AT 
DIFFERENT DEPTHS USING LR-115 PLASTIC TRACK 
DETECTORS AT A.M.U. ALIGARH: 
In the present investigations measurements of radon and its 
progeny were carried out under ground in tube-wells at different depths 
situated at A.M.U., Aligarh (U.P) India. The detectors were used in 
BARE mode and fixed at a depth of 5 feet, 10 feet, 15 feet, 20 feet, 25 
feet, 30 feet and 35 feet from the surface at three different locations viz 
Staff Club, S.S. Hall North and R.M. Hall. These detectors were 
exposed for a period of about 150-160 days. After exposure the 
detectors were retrieved and analyzed in the laboratory for the 
calculation of radon and its progeny. The results are presented here. 
4.6: RESULTS AND DISCUSSION: 
The table-4.2a, 4.2b, 4.2c, shows the values of PAEC and 
concentration of radon in wells at different depths at A.M.U., Aligarh. In 
table-4.2a the values of PAEC vary from 122.46 mWL to 2029.89 mWL 
with a mean value 643.88 mWL and a standard deviation of 785.66. The 
values of concentration of radon vary from 1053.74 Bqm''' to 17466.50 
Bqm'^  with a mean value 5540.40 Bqm"^  and a standard deviation 
6760.33. 
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Table-4.2b shows that the values of PAEC vary from 154.69 
mWL 2301.56 mWL with a mean value 676.31 mWL and a standard 
deviation of 913.76. The values of concentration of radon vary from 
1331.01 Bqm'^  to 19804.14 Bqm'^  with a mean value 5819.43 Bqm"^  and 
a standard deviation of 7862.58. 
It is clear from table-4.2c that the values of PAEC vary from 
204.28 mWL to 609.41 mWL with a mean value 385.40 mWL and a 
standard deviation of 205.94. The values of concentration of radon vary 
from 1757.73 Bqm'^  to 5243.76 Bqm'^  with a mean value 3316.24 Bqm'^  
and standard deviation 1772.07. 
It is clear from table-4.2a, 4.2b, 4.2c that the value of radon 
increases as the depth increase. The concentration of radon at 35 feet is 
about 15 times higher than that at 5 feet. 
Soil radon measurements carried out in the Alburqurque area in 
New Mexico showed an average radon concentration of about 6660 
Bqm"^  at a depth 40 cm (Douglas, 1986). Another investigation held in 
Germany at Dottingen has found that the radon level in the soil air 5000 
Bqm"^  to 15000 Bqm'^  (Keller and Folkerts, 1984). The soil air radon 
activity was found to be between 2603 Bqm"^  to 6042 Bqm'^  at depth 40 
cm and 60 cm respectively. The variation of radon concentration in 
different sites may be due to the difference in soil texture or porosity. 
58 
The exact sources of radon in soil air might be at a very deep distant 
from the surface. Since the mean diffusion distance is definite to a few 
centimeters, the mechanism of pressure driven flow must be operative to 
carry them to the surface of earth (Mogro-Campero and Fleischer, 
1977). The lower radon concentration in the top layer of the soil is 
attributable to the proximity of the soil to the atmosphere (Fleischer and 
Mogro-Campcro, 1978). 
Table-4.2: Potential alpha energy concentration and radon concentration 
in wells at different depths at A.M.U., Aligarh 
Table-4.2a: Staff Club 
s. 
No. 
1 
2 
3 
4 
5 
Location 
5 feet 
10 feet 
25 feet 
30 feet 
35 feet 
Detector 
code 
43 
40 
31 
28 
25 
Corrected 
tracks density 
(tracks/cm^) 
11343.75 
20656.25 
37531.25 
40656.25 
188031.25 
Mean 
Standard Deviation 
PAEC 
(mWL) 
122.46 
222.99 
405.17 
438.90 
2029.89 
643.88 
785.66 
Cone, of Rn 
(Bqm-^ ) 
1053.74 
1918.79 
3486.33 
3776.62 
17466.50 
5540.40 
6760.33 
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Table-4.2b:S. S. Hall North 
s. 
No. 
1 
2 
3 
4 
5 
Location 
5 feet 
10 feet 
15 feet 
25 feet 
35 feet 
Detector 
code 
19 
13 
16 
1 
4 
Corrected 
tracks 
density 
(tracks/cm^) 
15468.75 
21343.75 
29781.25 
41406.25 
230156.25 
Mean 
Standard Deviation 
PAEC 
(mWL) 
154.69 
213.44 
297.81 
414.06 
2301.56 
676.31 
913.76 
Cone, of Rn 
(Bqm-^ ) 
1331.01 
1836.56 
2562.57 
3562.86 
19804.14 
5819.43 
7862,58 
Tab le -4 .2c : R. M. Hall 
s. 
No. 
1 
2 
3 
Location 
5 feet 
10 feet 
15 feet 
Detector 
code 
64 
67 
73 
Corrected 
tracks 
density 
(tracks/cm^) 
18656.25 
31281.25 
55656.25 
Mean 
Standard Deviation 
PAEC 
(mWL) 
204.28 
342.52 
609.41 
385.40 
205.94 
Cone, of Rn 
(Bqm-^ ) 
1757.73 
2947.22 
5243.76 
3316.24 
1772.07 
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4.7: CONCLUSION: 
On the basis of the measurement carried out during present 
investigations following conclusions can drawn: 
(l)The values of PAEC, radon concentration and effective dose 
equivalent have been found higher than the values in urban areas. 
(2) The values of PAEC found in villages are about five times higher 
than the highest value of PAEC found in urban dwellings, 
(3) These higher values may be due to the geochemical distribution of 
uranium in Northern region. 
(4) The value of effective radium content in the soil collected from 
Etah district are higher than the values found for Indian soil. 
(5) The concentration of radon at 35 feet is about 15 times higher than 
that at 5 feet. 
(6) Due to higher values in villages of Etah district, further 
investigations are needed for finding the health related effects 
among the occupants of these villages. 
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